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TRENCH DMOS TRANSISTOR STRUCTURE HAVING A 
LOW RESISTANCE PATH TO A DRAIN CONTACT LOCATED 
ON AN UPPER SURFACE 

Statement i>^Ram APP^^W>tte^ 

This application claims the benefit of prior filed US Provisional Patent 
Application 60/122.762. filed March 1. 1999. 

Field of the iHVMtlfaii 

The present invanlon relates generally to MOSFBT transistors and more 
generaliy to DMOS transistors having a trench structure. 

Background of the InveatioH 

DMOS (Double diffused MOS) transistors are a type of MOSFBT (Metal On 
Semiconductor Field Effect Transistor) that use two sequential diffUsioti steps aligned 
to the same edge to form the transistor regions. DMOS transistors are typically 
erapioyed as power transistors to provide high voltage, high current devices for power 
integrated circuit applications. DMOS transistor^ ]»Ovide higher current per unit area 
when low fbrward voltage drops are required. 

A ^loal discrete DMOS circuit includes two or more individual DMOS 
transistor cells which are febricated in parallel. The individual DMOS transistor cells 
share a common drain contact (the substrate), while their sources ore all shorted 
together with metal and their gates are shorted together by poiysilicon. Thus, even 
though the discrete DMOS circuit is constructed from a matrix of smaller transistors, 
it behaves as if It were a single large transistor. For a discrete DMOS circuit it is 
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desirable to maximize the conductivity per unit area when the transistor matrix is 
turned otibythegBtCr 

One particular type of DMOS transistor is a so-called trench DMOS transistor 
in which the channel is formed vertically and the gate is formed in a trench extending 
between the source and drain. The trench, whieh i$ lined with a thin oxide layer and 
filled with polyslllcon, allows less conarioted current flow and ther^y provides 
lower values of specific on-reslstance. Examples of trench DMOS transistars are 
disclosed in U.S. Patent No$. 5.072.266, S,S4K425. and 3,866«93K 

One example is the low voltage prior art trenched DMOS transistor shown in 
the cross-sectional view of FIG, 1 , As shown in FIG. I. trenched DMOS translator 10 
includes heavily doped substrate 1 1. upon which is tbrmed an epitaxial hyer 12. 
which is more lightly doped than substrate 1 1 . Metallic layer 1 3 is formed on the 
bottom of substrate 1 1. allowing an electrical contact 14 to be made to substrate 1 1 . 
As is known to those of ordlnaiy skill in the art DMOS transistors also include source 
regions 16a. 16h, 16c. and 16d. and body regions ISa and 15b. Bpitaxial region 12 
serves as the drain. In the example shown in FIG. 1 , substrate 1 1 is relatively highly 
doped with N-typa dopants, epitaxial layer 12 is relatively lightly doped with N type 
dopants, source regions I 6h, 16b, 16c, and 16d are relatively highly doped with N 
type dopants, and body regions ISa and 15b are relatively highly doped with Ptype 
dopants. A doped polycrystalline silicon gate electrode 1 8 is formed within a trench, 
and is electrically insulated from other regions by gate dielectric layer 17 formed on 
the bottom and sides of the trench containing gate electrode 1 8, The trench extends 
into the heavily doped substrate 1 1 to reduce any resistance caused by the flow of 
carriers through the lightly doped epitaxial 1^ 12, but this stnicture also limits the 
draln-to-souroe breakdown voltage of the transistor. A drain electrode 14 is connected 
to the back surface of the substrate 1 1 , a source electrode 22 is connected to the 
source regions 1 6 and the body regions 1 5, and a gate electrode 1 9 is connected to the 
poly silicon 1 8 that ft lis the trench. 

Another example of a trenched DMOS device is disclosed in U.S. Patent No. 
4,893.160 and shown in the cross-sectional view of FIG, 2. As shown in FIG, 2. 
trenched DMOS device 30 includes metallic substrate electrode 1 3. substrate 1 1 . 
epitaxial region 1 2, body regions 1 Sa and 1 Sb, and souice r^ions 1 6a, 1 6b, 1 6c, and 
■2- 
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1 6tl. However, in comparision to the device shown in FIG. 1 , N+ region 39 is added 
along the iowcr sides and bottom of trench 36. or alternatively just along the bottom 
of trench 36. This structure improves the device performance by allowing carriers to 
ficm Arough a heavily doped region at the l>ottoin of the trench, thereby reducing the 
local resistance. 

It would be desirable to provide fUifter imt>rovements to trenched DMOS 
devices. For exerople. there Is b need for a trenched DMOS davloe that provides a low 
on-nsustance and which is relatively simple and Inexpensive to fabricate. 

gmmmsirv of the Inventton 

In accordance with the present invention, a semiconductor device includes a 
first region of semiconductor material, which is doped to a first conoentrailon with a 
dopant of a first conductivity type. A gate trench formed within the flrst region has 
sides and a bottom. A drain afieess trench is also formed within the fitsi region, which 
also has sides and a bottom. A second region of semiconductor materid is located 
within the first r^ion and adjacent to and near the bottom of tiie gate trench. The 
second region extends to a location adjacent to and near iJie bottom of the drain access 
trench. The second region is of the first conductivity type and has a higher dopant 
concentration dian the first region. A gate eiectrode is formed within the gate trench. 
A layer of gate dielectric material insulates the gate electrode from the first and 
second regions. A drain region of semiconductor material Is located within the drain 
access ttroch. The drain region is of a first conductivity type and has a higher dopant 
concentration than the first region. A source region is tbimed on the surfiice of the 
first semiconductor region and a body region is formed within the first region beneath 
the source region. The body region has a second conductivity type opposite to the fust 
ootiduotivity type. 
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Brief Description of the Drawines 

FIOS. i and 2 «adi show cross-sectional views of a conventional DMOS 
tr«nsi$toi'. 

PIG. 3 shows acFoss-secdcmal view of one embodiment of the DMOS 
transistor oonstructod in accordance with the prBsent Invention. 

PIG. 4 shoKMs an aitematlve embodiment of the DMOS transistor connructed 
in accordance widi the present inv«ttion. 

FIGS. 5a-5d illustrate a sequence of process steps fomlng the DMOS 
transistor shown in FIG. 4. 

FIGS. 6-8 show top views of various geometries in which a plurality of 
DMOS transistors constructed in accoidance with die present invention may be 
arranged. 

Detailed Description 

PIO. 3 shows one embodiment of a trench DMOS transistor 100 constructed in 
accordance with the present Invention, One notable advantage of diis structura is that 
because it is self*isoiated it can be used not only in discrete components but also in 
integrated circuits As shown in FIG. 3, trench DMOS transistor 100 includes a 
substrate 25, heavily doped buried layer 1 1, and an epitaxial layer 12, which is more 
lightly doped than buried layer 1 1. While the substrate 25 may be N-type or P-type, a 
P'^pe substrate will be preferred when the structure is to be incorporated Into an 
integrated circuit. The DMOS transistor also includes source regions 1 6a and 16b and 
body regions 1 5a and 1 5b. As is well known to those of ordinary skill in the art. the 
body regions will typically include a deeper more heavily doped region and a 
shallower, mors lightly doped region. In the example shown in FIG. 3, buried layer 1 1 
is relatively highly doped with N type dopants, epitaxial layer 12 is relatively lightly 
doped with N type dopants, source regions i6aand 16b relatively highly doped with 
N type dopants, and body regions 1 5a and 15b include portions that are relatively 
highly doped and relatively lightly doped with P type dopants. A polycrystaliire 
silicon gate electrode 1 S, which is formed within a trench, is elBotrically insulated 
from other regions by a gate dielectric layer 17 formed on the bottom and sides of the 
trench containing gate electrode 18. The trench extends into the heavily doped buried 
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layef 1 1. In cofttrwtto the conventional structures shown \n FIGs. 1 and 2, in this 
device the dnin Is located on the top surface rafter than the back surface of the 
structure. More speciftcalty, a drain access Kgion 25 extends from the top surface of 
the device to the heavily doped buried layer 11 . The drain access region 26 is heavily 
doped and of the same conductivity type as the buried layer 1 1 , The drain access 
i«gion provides a low resistance path from the heavily doped lairied layer 1 llo a 
drain electrode 14. Finally, similar to the devices shown in FIOS. t and 2, a source 
electrode 22 is connected to die source regions 16 and the body regions 13, and a gate 
electrode 1 9 is connected to the polysilicon 1 9 that fills the trench. 

One problem with the device structure shown in FIG. 3 is that it can be 
relatively expensive to manufacture because it requires the deposition of an epitaxial 
layer, i.e., epitaxial burled layer 1 1. which is Inherently wipensiveto produce. In 
another embodiment of the present invention, depicted in FIQ. 4 as an integrated 
circuit hftving a plurality of DMOS transistors, the epitaxial buried layer 1 1 is 
eliminated so that fabrication of the device is considerably simplified. As shown In 
FIQ. 4, trench DMOS transistor 100 includes a substrate 25 in which the device Is 
formed. Similar to the previously depicted structures, the DMOS transistor shown in 
FIG. 4 includes source ne^ons 16a, 16b, 16c and 16d and body regions I5a and 15b. 
In the example shown in FIG. 4. substrate 25 is doped with N-iypc dopants (although 
alternatively, P-type dopants may be used), source regions 16a, 16b. l6o. and Idd are 
relatively highly doped whh N type dopants, and body regions 1 Sa and 1 5b are 
relatively highly doped with P type dopants, Polyctystaliine silicon gate electrodes 
1 8a, 1 Sb, and 1 8c are each formed within a pte treach. The gate electrodes 1 8a. 1 8b, 
and 1 8c are electrically insulated from other regions by gate dielectric layers 1 7a. 1 7b. 
and 17o formed on tht bottom and sides of each respective gate tr«ncb. Additional 
trenches defining drain access regions 26a, 26b. and 26c also extend from the top 
sur^ce of the device. 

A low resistance path for the drain is provided by adding heavily doped 
regions along the lower sides and bottom of the gate trenches and the drain access 
trenches, or alternatively, only along the bottom of the gate trenches and drain access 
trenches. The heavily doped regions merge iaterally, fbrming a continuous, heavily 
doped region 39 that extends from the bottom of each gate bench to its associated 
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drain access trench. The drain access region 26 is heavily doped witli the same 
conductivity type dopant as heavily doped region 39, The drain access region 26 
provides a low resistance path from the heavily d«^ed region 39 to the drain electrode 
14 kwattd on the top sur&ce of the device. 

As will be discussed in more detail in connection with PiO, 3, the heavily 
doped region 39 is formed by diffusing a species such phosphorous dirottgb the 
gate trench and the dr^n access trench before they are filled with polysilicon. The 
gate and drain access trenches should be sufficiently close to one another to ensure 
that the dopants diffusing therethrough merge together to form the continuous, low 
resistance path between the trenches and the drain «]ectrx}de. 

As previously mentioned, the structure shown in FIG. 4 advantageously 
eliminates the need for a heavily doped, epitaxial buried layer such as the lay9t 1 1 
shown in FIG. 3. 

Th« inventive DMOS devices shown in FIGS. 3 and 4 may be fabricated in 
accordance with conventional processing techniques with the appropriate 
modification of the deposition and etchmg steps. For example, the FIG. 4 device 
begins by forming the bodies 1 5a and 15b and the source regions I6{i-t6d in diffusion 
steps and the gate and drain access trenches in etching steps, Additional details 
concerning such steps may be found, for example, in previously mentioned U.S. 
Patent No. 4,893,160. Next a dielectric layer 17 such as a silicon dioxide layer is 
grown In the trenches, followed by the introduction of a diffusing species, e.g., 
phosphorous, to the bottom of the trenches by a technique such as ion implantation. 
The diffusing species is then diffused to form the continuous, heavily doped regions 
39. FIG. 5a shows the structure at the end of this stage of febrteation, 

Mext. as shown m PIO. 5b. the gate trenches and the drain access trenches are 
filled with polysilicon. As is well known to those of ordinary skill in the art, 
polysilicon will more quickly fill a narrow trench of a given depth than a wider trench 
of the same depth. Accordingly, in some embodiments of the invention such as those 
shown in the figures, it may be desirable to make the width of the drain access trench 
greater than the width of the gate trench. In this way, as shown in FIG. 5b. when the 
gate trench is filled with polysiloon the dmin access trench will remain only partially 
full. In either case, after the gate trench is filled with polysilicon, the polysilicon lr» the 
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drain access trench is removed in an isotropic etch process. A sul>sequent etcli process 
is employed to remove the slHcon oxide layer lining the drain access trench. Next as 
shown In FIG. 5d. the draiti access trench is filled with N type doped polysilicon to 
fonn the drain access region 26. 

FIGS. 6-8 show top views of various surface geometries in which a pluraliity 
of the inventive DMOS translstcns may be arranged, The arraitgements include drain 
access cells 40 and transistor cells 5Q, The drain access cells 40 denote the stnieture 
defined by the drain access trench and the adjacent gate tranches which are 
interconnected by the low resistance path. The vansistor cells 50 denote die structure 
defined by the conventional DMOS transistor structure, which includes the gate 
trenches, the source regions and the body region. While these or any other geometries 
may be empit^ed, the octagonal arrangement shown in FIG. 6 is particularly 
Bdvantageous because it allows the relative areas occupied 1^ the transistor cells and 
the drain access cells to be adjusted independently of one another so that a minimum 
device on-resistance can be achieved, 
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1. A semiconductor device comprising! 

a first region of semiconductor material, doped to a first concentration with a 
dopant of a firet conductivity type; 

a gate trenstt formed wttiiln said first region, said gate trench iiaving sides 
and a bottom; 

a drain access trench fbniied wiiliin said first region, said drain access trench 
Iiaving sides and a bottom; 

a second region of semiconducaor matciial located within said first region 
and adjacent to said gate trench near said bmsm of said gate trench and extending 
adjacent to said drain access trench near said bottom of said drain access tt^clt. said 
second region being of first conductivity type and having a higher dopant 
concentration than said first region: 

a gate electrode widiin said gate trench; 

a layer of gate dielectric material insulating said gate electrode from said first 
and second regions; 

a drain region of semiconductor material locate within said drain access 
trench, said drain region being of said first conductivity type and having a higher 
dopant coroemratior than said first region; 

a source region formed on the surface of said first semiconductor i«gion; and 

a body region within said first region beneath said source region, said body 
legion having a second conductivity type opposite said first conductivity type. 

2. A semiconductor device as in claim 1 whei«in said gate electrode is 
Ibrmed of conductive material. 

3. A semiconductor device as In claim 2 wherein said conductive material 
is selected from tiie group of materials consisting of aluminum, alloys of aluminum, 
poiyorystalibe silicon, refractory metab, and combinations of polycrystalline silicon 
and mfiactory metals. 
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4. A semictMidwtor device as in claim 3 wherein said gate dielectric is 
located along said sides and bot^m of said treneli. 

5, A soniconduetor device as in olaini 1 whicli ftitther comprises a 
semiconductor substrate upon whicli said flret region Is loeaied. 

6. A semieonductor device as in claim 9 wherein said semiconductor 
substrate is doped to 5«ld first conductivity type. 

7, A semiconductor device as in claim i wherein said first region a 
semiconductor substrate. 

S, A semiconductor device as In claim I wherein said second region is 
formed beneath said pte trench and said drain access trench and eidends above the 
bottom of said trenches. 

9. A semiconductor device as in claim 1 wherein the drun access trench 
is greater in width than said gate trench. 

1 0, A method for forming a semiconductor device comprising the steps of: 
providing an article that Includes a first region of semiconductor mwerial. 

doped to a first concentration with a dopant of a first conductivity type, and serving as 
a drain region; 

etehing a gate trench udthin said first region, said gate trench having sides and 

etching B drain access trench within said first r^ion. said drain access trench 
having sides and a bottom; 

forming a source region on the surface of said first semiconductor 

region; 

forming a body r^ion within said first region beneath said source region, said 
body region having a second conductivity type opposite sud first conductivity type; 
dqjositing a dielectric material that lines said gate trench; 
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forming & second region of semiconductor maierial witliin said first region, 
said second region being located adjacent to said gate trench near said bottom of said 
gate trench and extending adjacent to said drain access trenclt near said bottom of said 
drain access tteneh. said second region being of said first conductivity type and 
having a higher dopant concentration than said first region: 
depositing B gate electrode within said gate trench; and 
depositing a semiconductor material within said drain access trench, said 
semiconductor material filling said drain access tteneh 1>eing of said first conductivity 
type and having a h^her dopant concentration than said first region. 

1 1 . The method of claim 1 0 wherein the step of forming the second region 
of semiconductor nriatcrial Includes the step of diffusing a dopant material of the first 
Gonduotivlly type through the gate trench and the drain access trench. 

12. The method of claim 10 wherein the diffusion step is sufRcient to 
ensure an overlap of material that diffuses through the gate trench and the drain 

access trench so that a continuous path of the first conductivity type is formed. 

13. The method of claim 1 0 wherein said gate electrode is formed of 
conductive tnateriai. 

14. The method of claim 13 wherein said conductive material is selected 
firom the group of materials consisting of aluminum, alloys of aluminum, 
poiyciystalline silicon, refractory metals, and combinations of polyciystalline silicon 
and refiiactory metals, 

15. The method of claim 1 0 wherein said gate dielectiio material is located 
along said sides and bottom of said gate trench. 

16. The me*od of claim 10 wherein said article includes a semiconductor 
substrate upon which said first region is located. 
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17. The method of claim 1 6 wherein said semiconductor substrate is doped 
to said first condu«tivi^ type. 

18. The method of claim 1 0 whenein said second region is formed beneath 
said gate trench and said drain access trench and extends above the bottom of said 
trenches. 

19. The method of claim 10 wherein the drain access trench is greater in 
width than sdd gate trench. 
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